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The measursment of the uranium inventories in the K«2§ plant presents a
multitude of problems as unique in industrial prectlce as the sepration

of isotopes by gaseous diffusion. The nature of the prosess, the immensity
of the cperation, and the oharacter of the materials handled have resulted
in problems never heard of before. The monetary and strateglo value of

the material has made it imperative to measure the quantities to an accursey

never before conceived for a large industrial plant handling large volumes
of gases,

The plant processes several toms a day of & highly ecorrosive gas, uranium
hexafluoride, through a series of seversl thousand separating units whioh
surich the U=235 aontent of the material. Each unit conalists of a separating
chazber oontaining hundreds of square feet of porous, niskel darrier; twe
large gas pumps; & large number of instruments; and the necessary conmesting
piping. Some of the factors whish must be considered in order to more
clearly understand the problem of inveantory measurement are
54;0‘«9‘[4 3, 53 70‘)“71
1. The prooess system vol?a is neasdy 600,000 oudbic feet
38, 3o o 0oL )
2. A total of more than 20;60075000 square fest of metal
surface is exposed to the highly eorrosive uranium
hexaflucrids .
-~ alyvs tooo
§. The plant contains m—t&n 208 miles of process
piping, ranging in diaxetsr from 3/8" to 1¥", and
760- miles of eopper tubing Y
. 3000 375 08
4. More than 3805660 instruments are required to eontrol and
" pecord the many proseas variables

$. The plant is opontoé at sub-atmospherio pressures and
high temperatures

The probdlem of ascuratsly msasuring the pressure and temperature of a largs
volums of gas under changing comditions and meving at a velecity as high as
40 miles per hour is omne that most eagineers would oall impossidle. an
additional complicating faoter results froam the faot that within sach wmit
there are several distinot pressure and temperature somes which must be
observed externally through instruments. Im order te acoomplish this, am

almost umbelievable instrument dsvelopmsnt program has deen undertaken and
much progress has heen mde..

In addition to the messurements required in the gas system, other prodlems
have alse been found nearly impossible to solve. 7The materisl, uranium
hexafluoride, 18 an extremely corrosive and reastive substance. It rescts
with almost all chemiocals, glass, water, and metals te form non-volatile
solids. 1In order te provide againat the disappearanee of uranium by re-
sotion with the plant surfaces and by resstion with moisture leaking inmte -
the plant from the atmosphere, extreme precautions have. bde r

nieToh |
(1) ALl metal surfaces that show high reastivity wi AR TA
hexaflucride have been nickel plated
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(2) The entire process system is maintainsd at a vaouum
tightness that is diffiocult to obtain in even small,
carefully controlled, laboratory experiments. A
hele, 1/84" in dismeter, would de equivalent to the
entire allowable inlsakage for the plant

(8) ALl equipment is specially pre-treated to provide sxtra
protection against oerresion, with a process similar to
the pickling of mstal

(4) All piping and equipment is surrounded by & dlanket of’
air which has besn treated to remove nearly all of its
atmospherio meisture in order <o prevent chemical re-
sstion in case of inleskags

(8) The shaft of each gas pump wust be protected by &
special gas seal to prevent inleskage of moisture into
the systen .

In spite of all these precauticns, the designers of the plant feared that
the disappearanse of uranium o the wast area of plant surface might be

so great that no euriched uranium could be produced. The astual dis~
appesrance rate has been wuch ssaller than anticipated; however, sig-
nificant quantities of uranium hexaflucride are continuocusly reacting with
the surface area of the plant and thsrefore cannot be aseounted for by
external measursments. 3ince these surfaces are cempletely saalosed, there
is no way of actually measuring the extent of the deposit without re-
moving all of the equipment and extrsoting the materisl by chenical treat-
ment. This type of program would be cempletely. prohibitive if the present
high production rates are tc be msintained. At the present tims, all of
she equipment is kept im coatinuous operstion more than 99.5% of the time
and the msjor pertion of the repair work whioh is represeatsd by the other
0.8% is of a minor nature which does not require replasemsnt of the mjor
process equipment where the bulk of the ursanium is depesitied. In additica,
mhuwopnmu_rg;nmdmhrdnﬂchmmhtruw '

Prom the forsgeing desoription of the problem, 1t oan be readily seen that
the accowmting progran is a major undertakirg--so great that very littls
progress or researsh ocould be started during the initial operating pericd,
During the tremendous, wartims push of starting the plant te produse the
mterial that was to end the war, it was impossidle to make the maupower
and offort available te set up a good asseunting program. If measurements
or data were needed that would hold up predustion, the data were just simply
not taken. IS was not until April of 1046 that even an engineering type

of mterial balance was made (uranium receipts at K-35 started in Geptember,

1944) and it was not pessible to establish s reslly ecnsistent, well-defined
progran until early in 1846.

When 1t becams cbvisus that, in addition te measuring the quantities of
gaseous inventory and stooks of wanium held in scaessable containers, 1%
would be necessary to estimate the ameunt of uranium hexafluoride reacting
(and dissppearing) en plant surfaces, a major research and developmnt
program was started on this project. Equipment was removed from the plant,
dismantled, and desontaminated for um content. The resulting data
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showed that the problem had reached staggering proportions, since it was
fomd that the extent of the deposit varied so widely from unit to umit
that no estimates could be derived to extrapolate the experimental results
to the installed metal surfaces. Statistioians deveioped new techniques
to interpret the data but ssoh time the results indicated that the emtire
systen would hawe to be dismentled und cleansd up if a real answer to the
size of the deposit was required.

During ths time since this was realised, & steady program has been oarried
out which has solved mmny of the original problems-~both in the msasurement
of the accessible uranium stocks and in the deposits hidden within the
plant. A typical list is as follows,

(1) Pmdemental studies of uranium chemistry
(29 Pundemental studies of fluorine chemistry

(3) Development of analytical chemical tsohniques capsble
of deteoting and mesasuring quantities of uranium com~
bined with other material in ocnoentrations as low as
one~half part per million ‘

(4) Studies to improve process system data--plant volumes,
surface arcas, pump charaeteristics

(8) Development of absclute pressure messuremeunts scourste
te 002%

(6) Development of entirely new statistioal methods of
interpreting plant data

(7) Dsprovewent of isotope assay wmchines and methods to
aseuracies no cne thought possible

(8) Developwent of machines to detsct uranium
(®) Purther studies of representative plant surfaces

The entire study of the preblem has progressed tc the point that it is
believed that it will be possidle to make & somplete statement of the
uranium inventories on hand. Currently an ascowmting msmerandum is being

prepared which will state all that has been found out adout the hidden
mterials in the plant,

The status of Granium Aceountability is presented below for the year 1949,

This year was seleotsd since this period is most representative of the present
operating sontrols, and acsounting presatices.




K=-25 Plant Material Balanos Experience;

Year 1949 to lay 1, 1949

Uranivn TS
Grans Grans
Quantity to ssecunt for ~ 2,680,818,865 14, 420, 766
Defloiency - 96,8606 17,109
Peroent Asocowmted for 100.00&% §9.881%
Decexber 31, 1847 to December 31, 1948
Quantity to aceount for 2,375,835,045 14,207,418
Deficiensy 785,803 91,088
Peraent Aocsounted for 9.967% $0.360%
Beginning of operation to May 1, 1949
Quantity to scscount fer 2,814,907,030 18,826,190
Defioiency 6,231,820 340, 640
Percent Ascounted for 99.762% 98, 150%

It should de olearly urderstood that the guantities of uranium represented
by the term "defiocisnay® does not represeant losses, but merely reflests our .
ipability tc sssign proved valuss, dased on astual asasuremsut, to portiocuns

of ths uranium surrently held in inscoessible plant loeations. The previe
cusly menticned work to establish the amount of uranium beld in this mmnoner
elearly indicates that we ocan aotually aecount for mere than 995 of the U-238
received at the K-25 plant. Research and development work will be sontinued
until 10Q% of the material oan be satisfmatorily soccunted for by the memoe
randun type of asoounting.

DIVERSION CONTROL OF URANIWM

The program that has been mentioned to this point deals with the evaluation
of the guantity of uranium on hand or shipped, compared te the quantity that
has been received. This results im data whioh indicate that some material
has been either overlooked during inventory or diverted. Diversion must,
therefore, obviously be guarded against.as it may be observed only after

the uranium hes disappearsd. This is ageomplished in two ways: Ome, by
assigning to every operator the sesurity of the arsa in whieh he workss and,
seeomdly, by physical darriers and guards.

The operater is oonsidered to be a very vital oog in the K~25 seourity pro-
gran for the following ressons;

equipnent

2. He is best qualified to inspect the equipment for possible

1. Instrument readings would indicats tampering with the .




3. He is familiar with the persons normally in his area

Visitors must be claared for entry by the operating supervisor snd in
buildings ocntaining high assay uranium, visitors are under the constant
escort of an operator. As & result of these precauticas, it would be praeti-

cally impossible for a stranger to enter a major portiocn of the plant une
detooted.

In order to gain acoess to these important areas in the process, it is
necessary to orocss six physical barriers or pass five guards. For example,
in order to get into the top part of the ocascade from OJak Hidge it is
necsssary to pass through the following fence gates:

l. Restrioted area (inoluding EK-26, X-10, and Y-12)
2. E=26 Flant area

3. Uranium iéanufaoturing ares

4. Area containing the building in the top half of X~25 oascade

6. The amiddle floor of these bduildings

6. The physieal piping of the casonde aystem (see sketoh). Euh

ons of these areas require a different badge coding in order
t0 gain euntrance.

Added proteotion is wscomplished by gusrds oruising the area in patrol
vehioles. '

The K~26 Acoountability program then snsompasses thres major phases;

l. A material balance designed to indiocats that protectiom
afforded the material has been sucsessful

2. Ressarch, deyelopment, and test programs designed to improve

the Haterial 3alance

3, TPhysioal barriers manned b; seourity comseious amployves
to prevent diversion.

These phases are in addition to the USAEC oufarced programs of seourity
checks on individuals,.
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